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In Denmark, around Europe and in the rest of the world there is a challenge of motivating homeowners to conduct private energy
renovations despite a number of beneﬁts. A particular great energy saving potential is present in the Danish single-family houses erected
in 1960–1979, but the potential is not utilized for various reasons. However, survey results show that improvements in comfort, indoor
environment and architecture combined with a reasonable project economy can motivate the average homeowner of these buildings. The
objective of this paper is to further process the survey data from 883 homeowners and determine if all homeowners can be assumed as
one homogeneous group in terms of motivation factors or if signiﬁcant diﬀerences occur, what causes the diﬀerences and how does this
aﬀect the future motivation strategy.
The conclusion is that the homeowners cannot be assumed as one group, but must be addressed as individuals. The key parameters
for determining the motivation factors are related to the homeowner’s current position in life: age, presence and age of children, time of
ownership, occupation and income. Most likely to be motivated to perform energy renovation is the younger generation of homeowners
The older generation is hard to motivate, but results nonetheless show that it is possible with the right instruments.
 2016 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V. All rights reserved.
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The European Union has set up targets for the size of
the energy consumption and CO2 emissions in respectively
2020 and 2050 (European Commission, 2011; Oﬃcial
Journal of the European Union, 2012), and all member
states are in the coming years facing the huge task of reach-http://dx.doi.org/10.1016/j.ijsbe.2016.09.002
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Peer review under responsibility of The Gulf Organisation for Research
and Development.ing these goals. The 2020 objectives of the European Union
are to reduce the energy consumption by 20%, reduce the
greenhouse gas emissions by at least 20% compared to
1990 levels and have 20% of the energy consumption cov-
ered by renewable energy. By 2050 the goals are to reduce
greenhouse gas emissions to 80–95% below 1990 levels
(European Commission, 2011; Oﬃcial Journal of the
European Union, 2012). The energy saving potential in
the building sector in both Europe and Denmark is very
high and particularly in the existing building stock
(Tuominen et al., 2012; Wittchen, 2009; Tommerup and
Svendsen, 2006). If the building envelope of all existingduction and hosting by Elsevier B.V. All rights reserved.
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renovated to the level of the 2008 building regulation for
new buildings a potential energy saving of 58 TJ/year is
calculated (Wittchen, 2009).
The presented survey focuses on the Danish single-
family houses erected in the 1960s and 1970s. This is where
the highest energy saving potential is found in a housing
typology, which is also economically sensible to renovate
and where homeowners have a desire to live in the build-
ings in the future. In the approximately 440.000 buildings
in question a potential energy saving of 7811 TJ/year is
found purely by renovating the building envelope up to a
level comparable to today’s building regulations for new
buildings (Building regulations 2008) (Wittchen, 2009).
Furthermore the area of these buildings is 83 million m2
thus a signiﬁcant share of the total Danish building area
of 343 million m2 (Wittchen, 2009). In all single-family
houses combined (erected 1850–1998) there is a total
energy saving potential of 10,274 TJ/year purely by renew-
ing and renovating the technical installations (Wittchen,
2009). All rational motives for researching how the renova-
tion of these m2 can be initiated in the best manner are
explored.
In the 1960s and 1970s a building boom took place in
Denmark and as many houses as those erected in the pre-
vious 100 years together were erected over this 20 year per-
iod (Lind and Møller, 1996). The industry of standard
houses took its starting point and rapidly grew and spread
across the country. At this point in Danish history, most
people lived either in the city or in the countryside to be
close to their work. With the sudden possibility of building
a private home outside the city center, but still close
enough to work there, and at a reasonable price, many
families invested in a standard house and the suburbs
developed. In a period of 20 years 440,000, primarily stan-
dard, single-family houses were erected and many families
moved to the suburbs and the desired green areas. The
Danish single-family house typology emerged. The tradi-
tional Danish single-family house is a detached house usu-
ally in a single plan, surrounded by a private garden and
gathered in neighborhoods with similar buildings. The
neighborhoods are known and loved for their peace and
safety and for the perfect combination of privacy and sol-
idarity among the homeowners in each little closed street
(see Figs. 1 and 2).
In 2010 roughly 50% of the Danish population lived in
the 1,037,091 occupied single-family houses. Of these
houses 439,396 were erected between 1960 and 1979 corre-
sponding to approximately 42% of all present single-family
houses in Denmark (Statistics Denmark, BOL22). The
building type is the absolute preferred type of accommoda-
tion in Denmark and is occupied by all types of family
combinations.
These standard houses are due to their age in these years
ready for renovation. The insulation level and materials
used to build the houses was up-to-date at the time of con-
struction, but is now outdated and the houses are in needof modernization to be futureproofed. The U-values of
the construction parts (Fig. 3) clearly indicate why home-
owners in these buildings are using a high amount of
energy to heat up their house and also why many home-
owners experience problems with draft and mold.
In order to utilize the energy saving potential energy
savings ought to be considered and applied in the coming
renovation work both to make the energy savings as cost
eﬀective as possible but also since many years will pass
before these houses will need renovation again. The stan-
dardization of the houses furthermore makes them an obvi-
ous typology to start with, since many solutions can be
applied to numerous identical houses without big alter-
ations, which presumable can make the work less expensive
than costume designed solutions.
‘‘The rate of building renovation needs to be increased, as
the existing building stock represents the single biggest
potential sector for energy savings. Moreover, buildings
are crucial to achieving the Union objective of reducing
greenhouse gas emissions by 80-95 % by 2050 compared
to 1990.”
[Ofﬁcial Journal of the European Union, 2012, p. 3]
To achieve the energy saving objectives put up by the
European Union faith cannot only be put in renovating
the publicly owned buildings. Since the majority of the
dwelling stock in Europe is privately owned (74%)
(Tuominen et al., 2012), the private homeowners too need
to be motivated to renovate their houses and do so with the
additional purpose of achieved considerable energy savings
i.e. so called energy renovations. Various barriers have,
however, prevented energy renovation of the private build-
ing stock. The most substantial barriers are related to econ-
omy (uncertainty about the savings, size of investment and
lacking economic incentives) along with lacking knowledge
and interest in the subject (Tuominen et al., 2012; The
Danish knowledge centre for energy savings in buildings,
2009; Jensen, 2004, 2009). A previous study (Mortensen
et al., 2014) has, nonetheless, shown that the average Dan-
ish homeowners of a single-family house from 1960s to
1970s can be motivated to conduct energy renovations of
their homes by improvements in the quality of comfort,
indoor environment and architecture. These parameters
should, in order to be eﬀective on the average homeowner,
be supported by a sensible project economy (investment
size vs. energy savings), since the economy is still seen as
a deal breaker if not found reasonable by the homeowners.
A Danish study carried out in 1999–2001 (Almlund
et al., 2002) examined the owners of single-family houses
from the 1960s and 1970s. The objective of the study was
to determine; Who are these people and how can they be
convinced about the beneﬁts from ecological renovation
and maintenance? (Almlund et al., 2002) The project was
limited to addressing renovation and maintenance of one
room; kitchen, of one building part; windows and of
resources ﬂow: water (wastewater/water savings). The con-
clusion was that the homeowners due to their interest,
Figure 1. Illustration of a typical Danish single-family house neighborhood [www.byggeside.dk].
Figure 2. Illustration of a typical Danish single-family house [www.
byggeside.dk].
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groups; The young families, the middle-aged families and
the elderly single-family house owners (Almlund et al.,
2002). The three groups have diﬀerent approaches to reno-
vation and maintenance and therefore the task of convinc-
ing them require diﬀerent means. The young families have
most interest in ecological renovation and maintenance,
but cannot aﬀord it. The middle-aged families have a good
economy and conduct prestige (visual) projects when the
children move away. The elderly do nothing about their
house, since they don’t expect to beneﬁt from it as they will
move away within a limited number of years (Almlund
et al., 2002). These results clearly indicate that in 2001
the homeowners cannot be assumed as one homogeneousBuilding component U-value (W/m²K)
External wall 05.0-56.0
Roof 62.0
Floor 82.0-03.0
Windows 84.2-25.2
Figure 3. Average U-values of the building components and energy saving pgroup when it comes to their motivation for renovating
the kitchen and windows and saving water.
This paper follows up on the 2001 study (Almlund et al.,
2002) and the previous results from the 2012-motivation
survey (Mortensen et al., 2014). The objective is 1; to deﬁne
the possible demographic variables which have an impact
on the homeowners’ interest, willingness, motivation and
preferred consultant and 2: to determine if the three subdi-
visions of the homeowners deﬁned by Almlund et al. (2002)
are also presently occurring when renovation is covering
the entire house instead of only three selected areas
(kitchen, windows and water). Clear diﬀerences are seen
between the three separate areas focused on in the 2001
survey by Almlund, Jessen and Elle and an energy renova-
tion of the entire building envelope, which the 2012 study
by Mortensen, Heiselberg and Knudstrup are addressing.
Firstly, the physical size of the areas aﬀected by the poten-
tial renovation and the work required is diﬀerent and sec-
ondly the level of exposure of the results can be varying.
Many aspects of a building envelope renovation can be
invisible for the homeowner whereas a new kitchen or
new windows in most cases will generate a visual result.
Furthermore the reasons for renovating/changing a kitchen
can be diﬀerent from the reasons for renovating the build-
ing envelope. For instance an out of fashion kitchen can be
replaced by a new one even if it is not outworn whereas the
building envelope in most cases will only be renovated
when a need is present. Moreover, it is expected that the sit-
uation in 2001 and the 2012 situation cannot be compared
since eleven years have passed and the public awareness
toward energy consumption and savings have increased
in these years, particularly in relation to the new targets Potential saving/year (TJ) 
731,2
101,2
94
425,3
otential in Danish single-family houses erected in the 1960s and 1970s.
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reducing the energy consumption and the amount of green-
house gases over the coming years.
This paper presents results from a further and deeper
analysis of the data set from the questionnaire survey by
Mortensen, Heiselberg and Knudstrup and examines
whether all homeowners in 2012 can be assumed as one
homogeneous group (the average homeowner) or if there
are signiﬁcant diﬀerences between the various homeowner
groups, which need special attention and following adapted
motivation strategies. The data set has been analyzed
according to eight demographic variables of the respon-
dents (gender, age, household composition, place of resi-
dence, time of ownership, education, occupation and
income) to highlight possible diﬀerences caused by either
of the variables. Four areas are examined to search for
potential variations; interest in energy renovation, willing-
ness to renovate, motivating factors and ﬁnally preferred
consultant. This is to provide a more detailed and full pic-
ture of the respondent group, which in the ﬁrst take
(Mortensen et al., 2014) was viewed as one group repre-
senting the average homeowners. The results presented
are based on data from a questionnaire survey carried
out in January 2012 where 4000 single-family house owners
across Denmark were invited to participate, and 883 com-
pleted a questionnaire. The questionnaire revolve around
the following themes; energy consumption, architecture,
comfort, indoor environment and investments for renova-
tion. First part of the paper shortly describes the choice
and design of the method and approach. The second part
concentrates on the parameters, which aﬀect the homeown-
ers’ level of interest in, willingness to and motivation for
energy renovations and their preferred consultant(s). Fol-
lowing is a discussion about the results and how these
can utilized and implemented in the future to motivate pri-
vate homeowners and increase the number of private
energy renovations, and ﬁnally a conclusion enhancing
the key results is given.
1.1. State of the art
Around Europe many countries are ﬁghting the some-
how same barriers for energy renovation as experienced
in Denmark (primarily economic uncertainty, lack of inter-
est and knowledge) and diﬀerent actions have been taken to
initiate the progress of more renovations and the motiva-
tion of private persons. Germany, Austria and Switzerland
are well advanced compared to Denmark since they have
provided homeowners with diﬀerent options not present
in Denmark. Most of the options are related to diﬀerent
economic aspects of the renovation projects.
In Switzerland some of the signiﬁcant barriers are mar-
ket imperfections, information asymmetries, high invest-
ment costs, uncertainties about the beneﬁts and future
energy prices (Amstalden et al., 2006). To determine the
most beneﬁcial political initiatives to introduce in the
future, the potential eﬀect of combinations of variousparameters (political regulations, subsidies, fuel prices,
tax deduction and carbon taxes) have been calculated. In
this way political initiatives can be motivating for diﬀerent
levels of energy renovation and aﬀect when a renovation is
economically proﬁtable by oﬀering a certain beneﬁcial sub-
sidies and increased taxes on energy use. The politicians
therefore have the ability to break down the barriers
regarding investment costs (by oﬀering subsidies) and
uncertainties about the beneﬁts and future energy prices
(by introducing a carbon tax, that make the saving eco-
nomically worthwhile even with low energy prices) and
through these initiatives increase the motivation for energy
renovations (Amstalden et al., 2006).
In Upper Austria various parameters have also been
brought into play simultaneously. Better ﬁnancial loans
for energy renovations and energy eﬃcient new buildings
than for non-energy eﬃcient building work are provided.
This has motivated many to build passive houses and ren-
ovate to a deeper level than seen previously. Furthermore is
consultation meetings oﬀered to both homeowners and
business owners in order to make them feel secure about
the future projects. Professionals are likewise taken into
consideration in the strategy. They can undergo further
training in energy renovation, learn about the potential
energy savings found and get instructions in how to per-
form the job (Egger and O¨hlinger). A combination of these
oﬀers have proven successful in Upper Austria, where the
renovation rate is higher than in the remaining Austria,
since barriers of several user groups this way can be broken
down simultaneously.
The German state too oﬀers subsidies and beneﬁcial
loans to renovation projects beyond the minimum stan-
dard. There is moreover a very strict building code to com-
ply with, to get the favorable loans, since the same
standards are applied to renovation projects as for new
buildings or even 30% lower to get the lowest interest rate.
This approach is taken to motivate the building owners to
deep renovations instead of low level renovations. Oppo-
nents claim this to be a non-eﬃcient economic policy since
the ﬁrst saved kW hs are much cheaper than when
approaching passive house standard (3 eurocent/kW h vs.
40 eurocent/kW h) (Galvin, 2010). Still it cannot be pre-
dicted how it would aﬀect the homeowners will and moti-
vation if the same subsidies were granted for renovations
of lower standards and requirements dropped. Germany
is said to be in front when it comes to saving energy in
the building sector and with the purpose of ensuring deep
renovations the current way has an evident economical
advantage for the homeowners and motivate them to be
ambitious.
In all three cases, the success is a result of more actions
taken simultaneously, designed in order to support each
other, and based on the desire the break down the most
crucial barriers.
Other studies are focusing on the user groups and the
potential diﬀerences within. A Finish study (Moula et al.,
2013) has examined the social acceptability of renewable
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might be a barrier for the implementation of RET. A ques-
tionnaire survey with 50 respondents was carried out to
deﬁne the level of acceptance and understanding of RET
in Finland. Within the survey it was among others investi-
gated if age, gender, class and income aﬀect the results or if
all the respondents have the same acceptance, knowledge
and understanding of RET. The results showed that the
respondents are not alike and that both age and income
inﬂuence the level of acceptance.
‘‘In contrast to many earlier studies, in this survey we
found that the level of support for renewable energy tech-
nology toward better environment seems to correlate with
age, with older people being more supportive than others.”
[Moula et al., 2013]
The younger respondents had a higher awareness and
apprehensiveness toward RET and the environment than
the older. The income level of the respondents was found
to be connected to the level of acceptance of RET and have
a positive eﬀect on this. The higher the income the higher
the acceptance. These results show that in the case of
renewable energy technologies and environmental aspects
the respondents are not alike, but can instead have diﬀerent
opinions depending on demographic parameters – in this
case age and income.
A Swedish study by Nair et al. (2010)) investigated
which parameters aﬀect the homeowners decision about
energy eﬃcient investments in their private homes, which
investments are made and why. The data analyzed con-
tained data from 3.000 homeowners of detached houses.
It was discovered that both contextual and personal factors
aﬀected the homeowner’s reasons and decisions. The per-
sonal factors studied were; Education, Income, Age, Gen-
der, Skill, Awareness about energy eﬃciency measures
and Attitude to reduce energy use. The Contextual factors
were; Building age, Thermal comfort, Perceived energy
cost, Past investment and Location. For the contextual fac-
tors especially the building age and the experienced thermal
comfort were decisive for the homeowners’ choices. The
older the building and the lower assessment of the thermal
comfort the more likely were the homeowners to invest in
energy eﬃcient solutions. For the personal factors educa-
tion, age, income proved to have the largest inﬂuence.
The remaining four parameters had little or no eﬀect on
the decision and the reasons for a given decision.
In a study made in China the indoor temperature in
households was measured during wintertime in areas with
hot summers and cold winters (Lin et al., 2016). The objec-
tive of the survey was to determine the homeowners’ heat-
ing behavior during the heating season. The researchers
have collated the temperatures with the heat consumption
and these results have been analyzed to deﬁne drivers for
the use of heating. It was clear to the researchers that the
average indoor temperature was not comfortable for the
occupants at around only 13.5 C, since a very limitedtimeframe for the heating operation is present. The heating
is activated according to both the time of day and the out-
door temperature. What the researcher moreover found
was that a number of additional factors inﬂuence the occu-
pants heating behavior. These factors are; household
income, presence of children, the heating system in the
building and the occupants’ thermal experience, which also
diﬀers from person to person. This study is, as the Swedish
study, an example of the building (contextual factors) and
the personal factors being equally important to deﬁne the
human actions.
The results from the three studies about the user groups
signify that we cannot expect the homeowners to act alike
if their decisions are not based on the same contextual and
personal factors. We need to look at both the building and
the humans inside as well. What a rational conclusion is to
one homeowner is not necessary a rational decision to
another if they do not have the same point of departure.
The important aspect is to determine the inﬂuential factors
(contextual or personal) and their eﬀect in each situation.
The personal factor such as for instance gender might aﬀect
a person’s decision in one situation whereas the same factor
will have no inﬂuence in another situation. In the study
presented in this paper the aspect of deﬁning the factors
and their eﬀect is related to Danish single-family house
owners and their motivation to energy renovate their pri-
vate house.
2. Description of method used
There are diﬀerent methods to use for social research,
and the main two are quantitative and qualitative methods,
which both contain various approaches (Bryman, 2008).
The two methods each have forces and limitations, which
depending on the survey objective can create the base for
the choice of method. This survey was carried out by the
use of a quantitative method. Since the objective was to
generalize over a large amount of homeowners (approxi-
mately 440.000 households) and provide results which are
to be useful for developing motivation strategies for these
homeowners a high number of participating respondents
given comparative answers was found more beneﬁcial than
fewer in-depth details, which is often the case when a qual-
itative method is used. Also, the beneﬁts from a quantita-
tive method and a questionnaire, which was the approach
of this survey, are moreover that the respondents can easily
be spread across the country as no personal interaction is
needed and the respondents can answer the questions
whenever time is available. In addition, more respondents
are able to participate within the same timeframe since
the questions are predesigned and unchangeable, the pro-
cess is very structured, and, hence, data processing is rela-
tively easy to conduct (Bryman, 2008). The anonymity of
the respondents is likewise a beneﬁt from the questionnaire
since it is trusted that the respondents are more likely to
answer truthfully (and not what is expected from them)
when not faced with an interviewer. For the objective of
Figure 4. The four areas in which the questionnaire has been distributed
with 1000 examples in each region. Aalborg, Aarhus, Odense and
Copenhagen (top left, down right).
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motivation factors, it is crucial that the respondent answers
honestly and is not inﬂuenced by a researcher’s presence
and the natural will to act as a perfect energy conscious
homeowner, if he in fact is not. The anonymity is not a
guarantee for truthful answers, but it can reduce the risk
of interviewer eﬀect. The quantitative methods and ques-
tionnaire approach have some weaknesses which the qual-
itative methods and for example an interview would not
have. By interviewing the respondents in person it would
be possible to correct misunderstandings in the questions
and ask supplementary questions if needed. Furthermore
would the personal contact with the interviewee give the
researcher knowledge about the context in which the ques-
tions have been answered, which in some cases can provide
explanatory information about the given answers (Bryman,
2008). Despite these limitations, and often a longer reply
time, the questionnaire approach is chosen for the survey
since it is found to be most advantageous with the objective
in mind.
2.1. Design of questionnaire
The questionnaire was designed purely for homeowners
since they are the ones to motivate and therefore it was
found natural purely to focus on and ask them about their
opinion and experiences with the subject. A former litera-
ture study about the barriers for private energy renovations
in Denmark (Mortensen et al., 2011) was the basis for the
questionnaire development along with the researchers’
hypothesis about what can generate motivation for home-
owners. Hence, the questions revolve around topics deﬁned
as barriers for private energy renovations; knowledge
about and interest in energy renovations, problems and
potential improvement of comfort, indoor environment
and architecture and ﬁnally uncertainty about the project
economy. These topics need to be investigated further to
generate a deeper understanding of the current situation
and to deﬁne potential tools to change the situation. The
questions are developed to non-specialists and kept in an
informal and none technical tone to avoid misunderstand-
ings and respondents feeling looked down at since that
might prevent them from answering the questions. This
approach include that nowhere in the questionnaire are
any speciﬁc numbers mentioned or inquired from the
respondents. In each of the themes, the necessary output
is the homeowners’ view on the aspects. Actual and accu-
rate measurements of for instance the indoor environment
is the not the objective of this survey. The problems and
potential in the buildings are well documented, but the
homeowner does not act on this information (Wittchen,
2009; Tommerup and Svendsen, 2006) why his interpreta-
tions, feelings and desires are more valuable in the search
for eﬃcient motivation strategies. The questionnaire con-
sists of ﬁve themes to make it more comprehensible for
the homeowners. The ﬁve themes are as follows: (1) general
information about the respondents, (2) energy consump-tion and renovation, (3) architecture, (4) comfort and
indoor environment, and (5) economy.
‘‘1. General information” is about the homeowner and
demographic parameters such as age, gender, education,
and income ‘‘2. Energy consumption and renovation” are
focusing on the homeowners interest in and evaluation of
his current energy consumption and his will to, interest
in, reasons for and reservations toward performing an
energy renovation. Furthermore is he asked to rate diﬀer-
ent parameters such as energy consumption, functionality,
maintenance level and monthly expenses according to their
importance and ﬁnally he must tell if any renovation or
refurbishment work has been performed at his house
within the past ﬁve years. ‘‘3. Architecture” is divided into
two parts. First part is a purely visual assessment of diﬀer-
ent ﬁctitious renovation suggestions. Second part consists
of questions related to the homeowner’s view on the impor-
tance of architecture, the architectural level of his house
and the homeowner’s wishes for changes. ‘‘4. Comfort
and indoor environment” include questions about how
respectively good comfort and indoor environment are
deﬁned by the homeowner. Here the respondent is asked
to point out the most important parameters from a list.
For comfort the parameters were for instance; ‘‘The ability
to open the windows”, ‘‘A stable temperature”, ‘‘No noise
from outside”, ‘‘Lay-out suits my needs”, ‘‘I don’t feel
exposed due to large windows”, etc. In addition to this
are questions about the homeowner’s evaluation of the
comfort and indoor environment in the house today and
if any problems are present. Finally the homeowner’s
behavior and the following comfort and indoor environ-
mental consequences are examined. In ‘‘5. Economy” the
homeowner’s knowledge about and use of the potential
subsidies to energy renovations are investigated along with
his ﬁnancial reservations in relation to investment in energy
renovations. In the last part of the questionnaire the home-
owner must evaluate the price of ﬁve ﬁctitious renovations
Figure 5. The stages of the sampling of the homeowners for the survey. In each stage, the highlighted box is representing a sample. This sample is the base
(the outer box) for the next step in the sampling process.
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comfort, indoor environment and architecture.
The target group of the survey is Danish homeowners in
the single-family houses erected between 1960 and 1979
and, therefore, the questionnaires were distributed across
Denmark, with 1000 sent out in suburbs of respectively
Aalborg, Aarhus, Odense and Copenhagen (Fig. 4). These
four cities are the four largest cities in Denmark and are
chosen for the survey due to their size (number of inhabi-
tants) and geographic spread across the country. It is
trusted that the respondent group because of the geo-
graphic spread of cities and the sampling method (multi-
stage cluster sampling including a simple random sampling
(Bryman, 2008)) in principle is representative for Danish
single-family homeowners.
All respondents were selected by multi-stage cluster
sampling including a simple random sampling (Bryman,
2008) (Fig. 5) by the use of information from four district
heating companies in respectively Aalborg, Aarhus,
Odense and Copenhagen. The prestage group consists of
the full target group: All Danish single-family houses
erected between 1960 and 1979 (approximately 440.000
units). The ﬁrst sampling gave four clusters (Aalborg, Aar-
hus, Odense and Copenhagen) deﬁned within the target
group of all Danish single-family house homeowners. Sec-
ond sampling provided one cluster, those houses connected
to the district heating grid, in each of the four previous
clusters. Third sampling deﬁned one or more clusters of a
certain size in each of the four clusters by information from
the respective district heating companies about large
groups of homogeneous buildings. Fourth sampling was
a simple random sampling where addresses (respondents)
were randomly selected until 1.000 addresses were selected
in each of the four clusters. The respondents’ names were
found by the use of the webpage www.ois.dk,1 where each
house was also checked for the year of construction to
ensure that the house was erected in the right time period
to match the target group. For each of the addresses the
ﬁrst listed owner was the one to receive the questionnaire
regardless of gender.1 www.ois.dk (Public information server) is a national database with
data about buildings such as area, construction year and name(s) of owner
(s) and is administrated by the Ministry of Housing, Urban and Rural
Aﬀairs.An accompanying letter promised the homeowners
anonymity and informed them about the survey objective,
the authors and how to complete the questionnaire on
either paper or online (optional).2.2. Questionnaire validation
Content validity: The researchers conducted the content
validity test and checked if all important aspects of the
theme were covered based on the research questions to be
answered and the following hypothesis. In this process
unnecessary questions and response options were removed
and if needed further questions and/or response options
were added.
Face validity: The questionnaire was pilot tested by 12
homeowners before launching it. The 12 homeowners were
within the target group, but not part of the selected respon-
dent group, representing diﬀerent age groups and all with-
out prior knowledge about the project and the
questionnaire. They were supplied with the same question-
naire and accompanying letter as the potential respondents
later received. The test panel received the letter and ques-
tionnaire without further instructions than given in these
and were asked to write down all questions, confusions
or problems they might have during the completion of
the questionnaire on either paper or the online versions.
They were asked to determine if the questions were clear,
understandable and in a logical order and furthermore to
give comments on the content in general. After this the
researchers reviewed the comments with the members of
the test panel individually. A group of four consultants
from the industry were moreover asked to review the ques-
tionnaire to determine if the questions make sense and can
be useful in the future. The questionnaire and letter were
reﬁned and modiﬁed based on the feedback from the test
panel and the industry group.3. Survey representativeness
3.1. Respondents and statistical data
There are statistical diﬀerences between the respondent
group (consisting of the 883 homeowners who completed
the questionnaire) and the statistical basis for comparison;
the group of Danish single-family homeowner living in a
0%
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18-24 
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25-29 
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30-39 
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40-49 
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80-89 
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or 
moreStascal data Respondents 
Percentage of persons above 18 years of age in each 
age group 
Figure 7. Age distribution of the respondents compared to statistical data
from Statistics Denmark of the 2012 age distribution of residents in
Danish single-family houses erected between 1960 and 1979 (Statistics
Denmark, BOL201).
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give their gender, age, household composition (children
in the house or not and age of these), place of residence,
time of ownership, education, occupation and income to
gather information about the respondent group. This infor-
mation was compared to statistical material were this were
available. Three areas were compared to the statistical data
for Danish single-family houses erected 1960–1979; gender,
age and place of residence. The remaining aspects are not
compared due to a lack of available statistical data.
In the respondents group there was a higher percentage
of men (Fig. 6) and homeowners older than 50 years
(Fig. 7) than what Statistics Denmark state to be the case
in Denmark (Statistics Denmark, BOL201). A reason for
the high ratio of men in the respondent groups can be that
the questionnaires were distributed to the owners of the
house and in Denmark traditionally the man owned the
house. A majority of the questionnaires can for this reason
have been sent to men and an overweight of men replying
will be a natural consequence of this. The letters were dis-
tributed to homeowners and the data from Statistics Den-
mark tell of the distribution of gender in the households
and not the distribution of gender among homeowners, this
is assumed to be a reasonable conclusion for the diﬀerence
among genders. 59% of the respondents have lived in their
house for more than 20 years, which is also expected to dif-
fer from the statistics, however information to verify this is
not available.
In this paper the results from the questionnaire survey
are examined by dividing the replies after eight diﬀerent
demographic parameters. One of these parameters is gen-
der, and any present diﬀerences between the two genders
will be made visible throughout the paper. The same will
be the case with the age of the respondents and with the
time in which they have lived in their house.
The geographical range of the respondents is evenly dis-
tributed presumably since the questionnaire was sent to an
equal amount of people in each region. Odense; 27% of the
respondents, Copenhagen; 26% of the respondents, Aar-
hus; 25% of the respondents and Aalborg; 23 % of the
respondents. The statistical range of single-family houses
in each of the regions is a little diﬀerent from the spread
of the respondents. Copenhagen and surroundings have
32% of all single-family houses in the four regions, Aarhus35%
65%
49.20%
50.80%
0% 20% 40% 60% 80% 100%
Woman
Men
Stascal data Respondent group
Figure 6. Distribution of gender in the respondents group compared to
statistical data from Statistics Denmark of the 2012 distribution in Danish
single-family houses erected between 1960 and 1979, for persons older
than 18 years of age (Statistics Denmark, BOL201).has 25%, Aalborg has 24% and Odense has 19% (Statistics
Denmark, BOL22). Since the respondents are equally dis-
persed, the results are seen as being valid for all four
regions and give an average picture of the Danish home-
owner which can be equally truthful in each region.
3.2. Survey reply rate and statistical uncertainty
For the survey 4000 Danish homeowners were sent a
questionnaire. The 4000 homeowners were selected by a
number of cluster samplings followed by one simple ran-
dom selection (Bryman, 2008) (Fig. 5). Of the 4000 invited
homeowners 883 replied, giving a reply rate of 22%. With
the typical used conﬁdence level at 95%, a population of
440,000 (the approximate number of Danish single-family
houses erected between 1960 and 1979) and 883 responses
result in a conﬁdence interval at 3.3% given by a random
check calculator (Rambøll). The certainty of the total sur-
vey is, therefore, between 91.7% and 98.3%, which is found
to be reasonable for the results to be applicable and trust-
worthy. Furthermore the number of replies given is higher
than any other survey about the topic and with the home-
owners as respondents, the results are valuable for further
development in the area.
3.3. Survey representativity
There are diﬀerences in the numbers from the respon-
dents compared to the statistics (Figs. 6 and 7). However
the objective of the paper is to deﬁne diﬀerences between
diﬀerent homeowner groups and hence it is found that
the diﬀerences will not have a negative eﬀect on the results.
There are respondents in each subcategory of the eight
demographic aspects and, therefore, the survey provides
an indication of which parameters aﬀect the homeowners’
willingness, interests, motivation factors and preferred con-
sultant. As a result, the survey can contribute with valuable
information to the existing knowledge about how the num-
ber of private energy renovations can be increased. It is
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representative for all Danish homeowners, but only for the
ones living in single-family houses erected between 1960
and 1979. No other homeowner groups have been part of
the survey, since the focus purely has been on the buildings
from the 1960s and 1970s due to the large energy saving
potential found here and the age of these buildings.
In some of the divisions, for example when the respon-
dents are divided by their current occupation (Fig. 8), some
of the groups contain a low percentage of the respondents
and, therefore, the results from those subcategories will not
have the same credibility as other divisions. The groups
(subcategories) containing less than 5% or 44 persons of
the total respondent group are as follows: 0–1 year of own-
ership (25 respondents), High school education as the last
education (27 respondents), Enrolled in education (8
respondents), Unskilled worker (18 respondents), Semi-
skilled worker (11 respondents), Receiver of unemploy-
ment beneﬁt (20 respondents) and Other occupation (16
respondents). These groups contain too few respondents
for the results to be deﬁnitive. The results are however
included in the paper to provide the full picture of the
respondent group. In the following text and illustrations,
these homeowner groups will easily be identiﬁed marked
with (<5%) to illustrate that that group consists of less than
5% of the respondents. Therefore, these results are not
deﬁnitive, but can however indicate a trend within the
speciﬁc homeowner group.4. Parameters determine the homeowners’ interest,
willingness, motivation and preferred consultant
In this chapter, results from the questionnaire survey
will be presented to answer the four questions raised in
the following paragraphs. The categories from which the
results have been analyzed are related to the eight demo-
graphic parameters; gender, age, household composition,
place of residence, time of ownership, education, occupa-
tion and household income. The presented results show
where certain groups of homeowners separate themselves
signiﬁcantly from the average respondent and where the?noitapuccoruoysitahW:noitseuQ
noitpoylpeR
%5<noitacudenidellornE
%5<rekrowdelliksnU
%5<rekrowdelliks-imeS
rekrowdellikS
eeyolpmedeiralaS
cimedacA
deyolpme-fleS
Receive unemployment benefit <5% 
renoisneP
%5<rehtO
Figure 8. Example of a demographic parameter where less thandiﬀerences between the subgroups within a demographic
parameter are signiﬁcant. The results are presented only
if one or more of the subgroups (e.g. homeowners from
Aarhus) in a division (e.g. place of residence) separate
themselves from the other groups or the average home-
owner (Mortensen et al., 2014). If all groups in a division
are close to average, the division results are not presented.4.1. Which parameters determine the homeowners’ level of
interest in energy renovations and who have the highest
interest?
The results clearly show that the younger the homeown-
ers are, the more interested they are in energy renovations
(Fig. 9). 41% and 40% of the youngest groups of homeown-
ers (up to 50 years of age) respectively have stated that they
have great interest in energy renovation of their house in
order to save energy. The average for all the respondents
is 33% who have great interest, 60% who have medium
interest and 7% who have no interest in energy renovation
(Mortensen et al., 2014). For each increase in the age
group, the percentage of homeowners who have great inter-
est in energy renovation declines, hence the younger the
homeowner the more interest in energy renovation.
The homeowners who have children under the age of
18 years living in the house are more interested in energy
renovations than homeowners with no children or where
the children have moved out of the house (Fig. 10). Espe-
cially families with children between 9 and 13 years have
great interest in energy renovations. As many as 46% of
this group deﬁne their interest as being great. The number
is 39% and 38% respectively for groups with children
between 0 and 8 years and 14–18 years. For the homeown-
ers who do not have children under the age of 18 in the
house, the interest is lowest. If the respondents have chil-
dren in the two or three diﬀerent age groups, they are rep-
resented in two or three groups.
The time in which the homeowners have lived in their
house as well aﬀects their interest in energy renovation
(Fig. 11). The results show the tendency that the shorter
period in their house, the more interest the homeownersforebmuN
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5% of the respondent group is represented in a subcategory.
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Figure 9. Stated interest in energy renovations according to age.
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Figure 10. Interest in energy renovations according to the age of children
in the household.
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Figure 11. Interest in energy renovations according to the time the
respondents have lived in their house.
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their house for 15–20 years are, however, more interested
than the ones who have lived in their house for 10–15 years.
Furthermore, the data indicate that more homeowners
from the Copenhagen area have greater interest in renova-tions (40%) than the homeowners from Odense (33%), Aal-
borg (33%) and Aarhus (28%). This points to, that the
interest level is also inﬂuenced by the area of residence.
The results show that the educational backgrounds too
inﬂuence the interest, but not signiﬁcantly (Fig. 12). The
homeowners with a craftsman education have a higher
level of great interest than all other. 36% of these home-
owners have stated that they have great interest in energy
renovations while all other groups have an average or
lower interest. The homeowners with a high school educa-
tion (<5%) have the lowest level of great interest: 22%.
Here, it is key to remember that this group contains less
than 5% of the respondents and the results therefore are
only indications.
The division according to the homeowners’ occupation
displays large diﬀerences in the interest in energy renova-
tions (Fig. 13). For the homeowners who are currently
under education (<5%), skilled workers or occupied by
other jobs than mentioned in the questionnaire (<5%),
the percentages of highly interested are as high as 50%,
49% and 63% respectively.
When it comes to the income of the homeowners, only
the ones with a yearly household income of 750,000–
999,999 DKK (before tax) have signiﬁcantly higher per-
centages of great interest (38%) in energy renovations than
the average respondent (33%). The remaining groups have
an average or below average interest. Only 29% of the
group with a yearly household income of 1,000,000 DKK
or above have great interest and is the group with the low-
est interest. The size of the yearly household income is thus
important for the level of interest in energy renovation, but
there is not a clear connection between the income level
increasing and the interest either increasing or decreasing.
The interest in energy renovations are thus aﬀected by a
number of parameters; age of the homeowners, the pres-
ence and age of children, time of ownership, occupation
and income. The place of residence and education of the
homeowners have little inﬂuence but not a clear signiﬁcant
eﬀect.
4.2. Which parameters influence the homeowners’ willingness
to conduct energy renovations and who have the highest level
of will?
The interest is not aﬀected by the gender of the respon-
dents, but when focus instead is on the willingness to per-
form energy renovations the picture changes. The
respondents were asked which statements best described
their current situation. The percentages of women were
highest for six out of seven possible statements about want-
ing to conduct renovations (Fig. 14) hence they have more
will to do so than the men regardless of the incentive. More
men (21%) would nevertheless renovate their house to get
an improved comfort than the case is with women (19%).
The diﬀerence is though not unambiguous.
The willingness to renovate has a lot to do with the age
of the homeowners (Fig. 15). The willingness drops pro-
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Figure 12. The eﬀect of the educational background on the interest in energy renovation.
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Figure 13. The homeowners’ interest in energy renovation when divided
by occupation.
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Figure 14. The diﬀerence between men and women when asked which
statement(s) best describes their situation.
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homeowners are willing to perform renovations for various
reasons. In certain cases some of the homeowners in the
age group of 50–59 years state that they want to renovate.
After the age of 50 years, or in some cases 60 years, there is
not much will found among the homeowners no matter the
reason.
Whether children are part of the household or not has
great inﬂuence on the willingness and reasons for renova-
tion (Fig. 16). The homeowner group with no children
under the age of 18 years has the lowest willingness to ren-
ovate in all seven listed cases. In particular when the reason
for the renovation is improved energy consumption, indoor
environment and the look of the house the homeownerswith children ﬁnd themselves in a situation, where they
are more willing to renovate their home than the home-
owners without children are.
The time in which the homeowners have lived in their
house and the willingness to renovate it appear to be inter-
linked (Fig. 17). The longer one has stayed in the house, the
less drive he or she has to renovate it. The decrease in will-
ingness following the length of occupation is not com-
pletely clear-cut in all motives, but the tendency is clear
to see.
The results indicate that the educational background of
the homeowner has limited inﬂuence on the willingness to
perform energy renovations (Fig. 18). The homeowners
with a high school (<5%) or short further education have
the highest willingness to conduct energy renovations.
The percentage-wise diﬀerence varies for each of the state-
ments, but the two groups have, however small, an overall
higher willingness to perform energy renovations.
When looking at the correlation between income and
willingness to renovate, the ﬁve income groups generally
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Figure 15. The willingness and reasons for conducting renovation divided according to the age of the respondents.
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Figure 16. How the willingness and reasons for conducting energy renovation are aﬀected by whether children up to the age of 18 years are living in the
house or not.
0%
10%
20%
30%
40%
50%
60%
70%
80%
Lower energy 
consumpon 
Economic saving Beer indoor 
environment
Increased sale 
value
Beer comfort Beer looking 
house 
Don’t want higher 
expense
I will renovate my house to get a/an;
0-1 years (<5%) 1-5 years 5-10 years 10-15 years 15-20 years More than 20 years
Figure 17. The time the homeowner have lived in his house and how this aﬀect his willingness and reasons for renovation.
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the homeowners with a yearly income before tax of
750,000–999,999 DKK who have the highest willingness
to renovate. The second group is homeowners with an
income of 500,000–749,999 DKK and those with an
income higher than 1,000,000 DKK. These homeowners
have the second highest willingness. The last group is thehomeowners with an yearly income below 500,000 DKK
who have the lowest willingness (Fig. 19).
The place of residence does not have a signiﬁcant inﬂu-
ence on the willingness to renovate. The homeowners from
the four diﬀerent areas (Aalborg, Aarhus, Odense and
Copenhagen) have diﬀerent reasons for wanting to reno-
vate, but there is no city from which the homeowners can
37%
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35%
40% 38%
25%
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Figure 18. Example of the interlink between educational background and
willingness to renovate.
258 A. Mortensen et al. / International Journal of Sustainable Built Environment 5 (2016) 246–268be said to have a higher willingness to renovate than others
have.
The will and reason for performing energy renovations
varies signiﬁcantly within the respondent group. The gen-
der and the age of the homeowner, the present of children,
the time of ownership and the household income all aﬀect
the results. In particular, in the diﬀerent age groups the
diversity is evident.4.3. Which parameters determine the impact of the five
motivation factors?
The interest in and willingness to perform energy reno-
vations and the incentives are, as seen previously, inﬂu-
enced by diﬀerent demographic parameters. Despite the
fact that the willingness and interest to some extent are pre-
sent among the homeowners, the amount of private energy
renovations needs to be increased in order to reach the
2020 and 2050 energy saving goals (European
Commission, 2011; Oﬃcial Journal of the European
Union, 2012). But how can the diﬀerent homeowners be
motivated to conduct an energy renovation on their own
house? Previous studies (Mortensen et al., 2014) of the0%
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Figure 19. The yearly household income in DKK before tax and how this amotivation factors of the average homeowner showed
motivation to be improvements in architecture, indoor
environment, comfort and energy consumption following
an energy renovation. Looking further into the data, there
are diﬀerences between which of these parameters are most
motivating for the diﬀerent homeowner groups. The fol-
lowing tables show how the motivation factors on the basis
of the results, are expected to aﬀect the diﬀerent groups
compared to the average homeowners motivation level
(Mortensen et al., 2014). The conclusions are based on
analysis of a number of diﬀerent questions in the question-
naire (Fig. 20). The questions studied here revolve around
the current state of the homeowner’s house evaluated by
himself (energy consumption, indoor environment, com-
fort and architecture), possible problems experienced, his
behavior in the house, his motives for potential renovating
and his wishes for alterations and improvements in his
house along with the knowledge about his interest and will
to renovate. Analysis of the bivariate correlations are made
using cross-tables, where each of the eight demographic
parameters are crossed with each relevant question. Mean-
ing that correlations between a demographic parameter,
for instance gender (women vs. men) and a question, for
example the importance of a good comfort, are investi-
gated. In the data study multiple replies were combined
and analyzed to deﬁne the areas where the homeowner is
most likely to ﬁnd motivation. Simpliﬁed this means that
if a person is satisﬁed with the look of his home, he is
not expected to be motivated by improved architecture. If
on the other hand, he is cold when at home, he evaluates
his current comfort level as bad and he thinks that his
energy consumption is disproportionately high, he can be
motivated by initiatives that improve these aspects, for
instance reinsulating of the fac¸ade or a window
replacement.sed sale 
lue
Beer comfort Beer looking 
house 
Don’t want 
higher expense
use to get a/an;
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ﬀects the willingness to and reasons for performing energy renovations.
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Figure 20. Illustration of the aspects included in the analysis to determine the motivation factors for each demographic group and the level of eﬀect.
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Figure 22. Scheme of how the parameters are expected to motivate the
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ences appear. The results indicate that women are more
likely to be motivated to perform energy renovations if
the result includes improvements in the architectural
expression of the house (Fig. 21). When looking at the lay-
out, the energy consumption, the indoor environment and
the comfort of the house, the two genders agree on the
importance, the evaluation and the wishes, and they can
both be average motivated by these parameters.
The following tables show the parameters expected to
motivate the diﬀerent user groups. In the following tables
(+) and the dark color indicates that the motivation
parameter is more than average motivating for the group,
A and medium color indicate that the parameter is average
motivating for the group and () and light color indicatesMen  Women 
I will renovate to get a beer looking 
house 
13% 24%
I want to change the appearance of 
my house 
51% 64%
Evaluaon of the look of my house: I 
would like to change 1-3 things  
54% 69%
I will perform an energy renovaon if 
it improves the appearance of my 
house 
64% 72%
Figure 21. The diﬀerences between how men and women in the respon-
dent groups have answered questions about indoor environment and
architecture.
diﬀerent age groups.that the parameter is less than average motivating for the
speciﬁc group. Average is deﬁned as the average numbers
for each of the motivation parameters (Mortensen et al.,
2014) ±5%.
As seen earlier, the age of the homeowners has a great
inﬂuence on their willingness (Fig. 9) and interest
(Fig. 15), and the same is the case when it comes to their
potential motivation factors (Fig. 22). All ﬁve potential
motivation parameters are more than average motivating
for the young generation whereas the older generation is
harder to motivate. The homeowners above 60 years of
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Figure 24. How the inﬂuence of the motivation factors presumably will be
in the four diﬀerent regions.
0-1 
year 
(<5%)
1-5 
years 
5-10 
years 
10-15 
years 
15-20 
years 
20 -
year
s
Architectural 
appearance
+ + + + - - 
Lay-out + + A + A A 
Comfort + + + + + A 
Indoor 
environment
+ + + + + - 
Energy 
consumpon
+ + + A + - 
Figure 25. The time in which the homeowner have lived in the house and
how the parameter can motivate them.
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parameter which is average motivating for them; Improve-
ments in comfort for the 60–69 years old homeowners and
improvements of lay-out for the homeowners above the age
of 70 years. The remaining parameters are less than aver-
age motivating for this group of homeowners.
The same picture is present when the homeowners are
divided by the age of the children in the households. Here,
the homeowners with children can be motivated more than
average by all ﬁve parameters, and the homeowners with-
out children or where the children have moved out can
be average or less than average motivated by the same
parameters (Fig. 23).
The geographic location of the homeowners and their
priority of the ﬁve parameters indicate that in order to
motivate the homeowners from Copenhagen the ﬁve
parameters will be more beneﬁcial as motivation than for
the three other regions. The respondents from Odense are
very similar to the average respondent, whereas those from
Aalborg and Aarhus separated themselves from the aver-
age by at least one parameter (Fig. 24).
Depending on how long the homeowners have lived in
their house, there are diﬀerent parameters, which can moti-
vate them to conduct energy renovations (Fig. 25). The ten-
dency is clearly that the longer one has lived in the house,
the less advantageous the motivation factors are found.
The homeowners who have lived in the house for less than
ﬁve years can be very motivated by all ﬁve parameters.
After ﬁve years, one parameter is average motivating, after
15 years the parameters start to be less than average
motivational.
The latest education the homeowners have completed
also inﬂuences which of the motivation parameters can
be said to be realistically useful for each homeowner group
(Fig. 26). All of the education groups, except those with a
craftsman education, have at least two of the parameters,
which are more than average motivating, but the combina-
tions of the parameters vary. For the groups of craftsmen,
all ﬁve parameters are less than average motivating.
The homeowners’ yearly income seems to have an inﬂu-
ence on the impact of the ﬁve parameters (Fig. 27). Home-Kids 0-8 
years 
Kids 9-13 
years 
Kids 14-
18 years 
No kids in the 
house 
Architectural 
appearance
+ + + - 
Lay-out + + + A 
Comfort + + + A 
Indoor 
environment
+ + + A 
Energy 
consumpon
+ + + A 
Figure 23. The motivation factors’ expected inﬂuence on the four groups
with diﬀerent household composition.
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Figure 26. The respondents divided by educational background and the
impact of the motivation factors.owners with a yearly income of more than 750,000 DKK
can be very motivated by at least three of the ﬁve parame-
ters, whereas the income groups with less than 500,000
DKK a year can generally be motivated less than the aver-
age by the listed parameters.
When the respondents are divided by their current occu-
pation, four out of the ten groups have two or more of the
0-199 
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Figure 27. Respondents divided by the yearly household income in
thousands before taxes and how this number relates to the predicted eﬀect
of the motivation factors.
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less than average (Fig. 28). For the group of pensioners,
the parameter ‘‘lay-out” is the only one that is anticipated
to have an average inﬂuence. The remaining parameters
will have less impact. The homeowners enrolled in educa-
tion (<5%) or occupied in an academic job are expected
to be motivated more than the average homeowner by
improvements in all ﬁve parameters. The group enrolled
in education is, however, less represented in the respondent
groups. All groups, except pensioner, can be motivated by
architectural appearance.
A variation of parameters have proven to have an
impact on the potential motivation factors’ eﬀect; age,
presence of children, place of residence, time of ownership,
education, income and current occupation. In all the anal-
ysis diﬀerences occur when looking at the subdivisions;
some subdivisions can be more than average motivatedEnrolled 
in 
educatio
n (<5%) 
Unskille
d 
worker 
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Semi-
skille
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work
er 
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Figure 28. The respondents divided by their current occupatby all ﬁve parameters (for instance those who have lived
in their home for less than 5 years (Fig. 25)) and some
are harder to motivate than the average homeowner (for
example the pensioners (Fig. 28)).
4.4. Which parameters determine the choice of consultants
and who are the preferred consultant?
The ﬁnal aspects studied in this paper are the parame-
ters, which determine who the homeowners will contact
for advice in relation to an energy renovation and who
their preferred consultant(s) is. The respondents were pre-
sented with four diﬀerent consultants and a ‘‘other” cate-
gory and asked which group they will contact if they
need guidance in relation to an energy renovation.
The age divisions show large diﬀerences in the use of
craftsmen, energy consultants and family/friend for super-
vision (Fig. 29). Until the age of 69 years the homeowners
will preferably contact a craftsman for advice, but after
they turn 60 the percentages drop. The homeowners above
70 years favor the energy consultant over the craftsman.
Two tendencies are clear in this division: the older the
homeowners are, the more of them will seek advice from
an energy consultant, and the younger the homeowners
are, the more they will ask family/friends and craftsmen
for guidance.
Two tendencies are found when the homeowners are
divided by the presence and age of children in the house-
hold. The younger the children are, the more family and/
or friends are used for advice, and the older the children
are, the more the energy consultant is used. Especially after
the children turn 9 years old, the percentages who will ask
the energy consultant increases. The craftsman is, however,
the preferred consultant for all four groups.Academ
ic 
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ion and how the ﬁve motivation factors can aﬀect them.
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Figure 29. The age of the homeowners in relation to who they will ask for advice about an energy renovation.
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divided by place of residence (Fig. 30). Homeowners from
Aalborg, Aarhus and Odense prefer to ask the craftsman
for advice in relation to an energy renovation whereas
the majority of the homeowners from Copenhagen will
instead ask an energy consultant to guide them.
How long a homeowner has lived in his house can like-
wise inﬂuence his choice of consultant (Fig. 31). All sub-
groups have the craftsman as the preferred consultant,
but the tendency is, however, that the longer someone
has lived in the same house, the more they will use an
energy consultant for advice. The architect will mainly be
used for advice by the homeowners within their ﬁrst year
in their house. When looking at the use of craftsman and
family/friends, the diﬀerences are more noteworthy. The
craftsman is consulted primarily by the homeowners who
have owned their house for more than 1 year and up till
15 years after moving in. After the 15th year, the willing-0%
10%
20%
30%
40%
50%
60%
70%
80%
Energy consultant Crasman
Aalborg Aarhus Odense Copenhagen
Who would you ask for advice if you need to renovate 
your home?
Figure 30. The relationship between the home region of the homeowner
and his preferred consultant.ness to contact the craftsman declines. In the ﬁrst 5 years
in the house, the homeowners will ask family and/or
friends for advice more than the other groups will.
The results indicate that the educational background
likewise has an inﬂuence on who the homeowners want
to ask for advice (Fig. 32). For all six education groups
the craftsman is the preferred consultant. The group with
the long further education uses the energy consultant more
than all others do, and this group does not use the crafts-
man as much as the other education groups.
The results from the occupation division indicate that
this is also a parameter, which aﬀects the consultant(s)
choice (Fig. 33). All groups have the craftsman as their pre-
ferred consultant, but the second most preferred is the fam-
ily and/or friends for the homeowners currently enrolled in
education (<5%), the skilled workers, salaried employees
and those who receive unemployment beneﬁt (<5%). All
other groups have the energy consultant as their second
choice. Two out of the four groups who have family and/
or friends as their second choice of consultant are however
represented by less than 5% of the respondents each and
therefore the results are only indications of a tendency.
The yearly household income has little inﬂuence on the
preferred consult, which is the craftsman for all ﬁve groups,
but when looking at the income in relation to using an
architect for consultation, the tendency is clearly that the
higher income, the more the homeowners are likely to con-
sult an architect (Fig. 34).
When the homeowner is seeking advice and guidance
diﬀerent parameters aﬀect his choice. His age, the presence
of children, place of residence, time of ownership, occupa-
tion and income all inﬂuence his decision. The majority of
the respondents prefer to contact a craftsman, however the
subdivisions of homeowners above 70 years of age and
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Figure 31. The time lived in the house and how this aﬀect the choice of consultant.
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Figure 32. The homeowners’ education and the inﬂuence it has on their
current choice of craftsman and energy consultant as preferred consultant.
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consultant is their preferred advisor.
5. Discussion
The respondents’ answers have been analyzed ﬁrst as
one group (the average homeowner) (Mortensen et al.,
2014) and second in groups deﬁned by subcategories of
eight demographic parameters (gender, age, household
composition, place of residence, time of ownership, educa-
tion, occupation and income). All the demographic param-
eters inﬂuence, to greater or lesser extent, the homeowners’
interest in and willingness for energy renovations, the
impact level of the motivation factors and the preferred
consultant.
The second analysis was carried out by dividing the
replies given by a certain group (for instance respondents
between the age of 40 and 50 years) and comparing each
group’s results to both the average replies, from the ﬁrst
analysis, and to the other groups within the same demo-
graphic parameter (Fig. 35). The results compared are
related to a number of replies given in the questionnaire
for instance replies about the current will and interest,
future wishes for the house and preferences within comfort,indoor environment and architecture (Fig. 20). Conclu-
sions from these comparisons clarify any diﬀerences caused
by a demographic parameter.
Three of the demographic variables: gender, place of
residence and education have the least impact on the exam-
ined areas. When analyzed according to the subdivision
within these three variables (for instance women or men),
the results reﬂect the replies given by ‘‘the average home-
owner”. The gender of the homeowner has the least to
say on the examined areas, but the results do indicate that
the female respondents have more willingness to perform
energy renovation (Fig. 14) and can also be more moti-
vated by one of the motivation factors than male respon-
dents can, inter alia since they ﬁnd the architectural
expression more important than men (Fig. 21). Apart from
these diﬀerences, the genders, in general, agree, and there
are no other signiﬁcant deviations. The respondents are
all homeowners (if the ones receiving the letter is also the
ones replying) but they will in many cases not be the sole
decision maker of the household and the other part,
woman or man, should likewise be committed to perform-
ing energy renovations if it is to be realistic. Therefore these
diﬀerences in themselves are not expected to create results,
but if one part of the household can be motivated the other
part might be inﬂuenced from it. The diﬀerences between
genders, despite few, are pointed out since the information
can be beneﬁcial in the future motivation strategy to iden-
tify for instance the right media to spread the messages
depending on whether the media is aimed at women or
men.
The results indicate that the homeowners from Copen-
hagen can have more interest in energy renovation than
the other three regions. This diﬀerence can be caused by,
among others, the diﬀerences in energy prices across the
country. The price for energy in the area around Copen-
hagen is higher than it is around for instance Aalborg
(Danish Energy Regulatory Authority). Therefore, the
homeowners in Copenhagen have extra economical incen-
tives for taking interest in this compared to those from Aal-
borg. The Copenhagen homeowner can reduce the size of
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Figure 33. Illustration of the choice of preferred consultant as made by the diﬀerent occupation groups.
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Figure 34. How the yearly household income in DKK aﬀects the choice of preferred consultant.
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tions whereas the homeowners in Aalborg will not experi-
ence the same percentage-wise reduction by similar
initiatives. However a lower energy consumption is not
more than average motivating for the Copenhagen home-
owners (Fig. 24) and therefore the survey results cannot
state, if in fact energy prices are causing the higher interest
or if other aspects are initiating this diﬀerence. The home-
owners from Copenhagen once more stand out from the
other three regions when asked about their preferred con-
sultant, since they will ask an energy consultant for guid-
ance whereas the other groups will ask a craftsman
(Fig. 30). This means that the future motivation strategyin the regions should take into consideration whom the
consultant should be in order to get the highest success
rate. The educational background of the homeowners has
little impact on the interest (Fig. 12), willingness (Fig. 18)
and the preferred consultant (Fig. 32). It does, however,
inﬂuence the expected impact of the motivation factors,
where the craftsmen educated homeowners separate them-
selves by being the group expected to be aﬀected less than
average by all ﬁve motivation factors (Fig. 26). This again
indicates that it is of great importance which of the crafts-
men the homeowners get in contact with when they look
for advice and consultancy (Section 4.4). If the craftsman
Age: 40-
49 years
Average 
results
Age: Below 
40 years
Age: 50-59 
years
Age: 60-69 
years
Age: 70 and 
above
Figure 35. Example of how the analysis result from one subgroup (age
40–49 years) is compared to the results from other groups and to the
average results. The example shows the subgroups in the parameter age.
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he might not be the best motivator for the homeowners.
The craftsmen educated respondents have nevertheless a
high level of interest in energy renovation (Fig. 12), which
is very positive if they should act as consultants in the
future. It is, based on the results, recommended that it is
in fact a craftsman who knows about and has a personal
interest in energy savings and renovations who covers the
task of motivating the homeowners. It is, however, impor-
tant to point out that the ‘‘craftsman education” covers all
types of craftsman professions and not only those related
to building work.
The demographic variables which have a signiﬁcant
inﬂuence on the interest, the will, the motivation impact
and the preferred consultant are age, household composi-
tion, length of ownership, occupation and income. The
results indicate that age could be the pivotal parameter
for determination of the homeowners’ interest, willingness
and motivation level. However, number and age of chil-
dren, length of ownership, occupation and income are
often related to the homeowners’ age and vice versa. Mean-
ing that the age is just an indicator of the current place in
the life cycle of the homeowner and, therefore, this param-
eter is just as much the primary inﬂuential parameter as the
others, since they too can tell something about the current
life situation. Where the homeowners are in their life cycle
is consequently the most crucial aspect to look at when
deﬁning how to motivate a homeowner in the best manner.
Overall, the respondents can be classiﬁed into two groups.
The younger group and the older group. The two groups
are signiﬁcantly diﬀerent, where the younger group is inter-
ested in and has the will to carry out energy renovation, the
older group has little or no interest or desire to conduct
energy renovations.
A research project about ecological renovation and
maintenance of single-family houses from 2001 concluded
that when focusing on three parameters of the house
(kitchen, windows and water (wastewater/water savings))
three homeowner groups appeared with diﬀerent interestand willingness; The young families, The middle-aged fam-
ilies and The elderly homeowners (Section 1) (Almlund
et al., 2002). Despite many of the characteristics being alike
for the younger families and the elderly in the 2001 survey
and the study presented in this paper there is in this survey
not proven a signiﬁcant diﬀerent which justiﬁes a third
group of homeowners (the middle-aged families). This
can be caused by a variation of aspects. First of all, this
survey is not limited to a few smaller selected aspects, but
is focusing on energy renovation in general and covering
the entire house. This can result in both other levels of
interest and will and other needed motivation factors.
The focus of the two surveys also diﬀers since the ﬁrst sur-
vey had its focus on the environmental impacts whereas
this survey focused on the motivation for private energy
renovations. Secondly the questions were not asked in the
same way in the two surveys, primarily due to the varia-
tions in the survey objectives but also since the researchers
in the two surveys were not the same. Depending on the
way and order of the questions, the answers naturally dif-
fer. The two surveys had diﬀerent objectives, despite similar
theme, which naturally have aﬀected the question structure
and consequently the replies given cannot be expected to be
similar. Another not to be neglected diﬀerence is that the
2001 study contained responses from 70 questionnaires
and 9 interviews with homeowners, whereas this study
did not consist of the mix, but instead had approximately
900 completed questionnaires as basis for the analysis.
The larger amount of replies ought to give a more valid pic-
ture of the respondents, but the other variations can also be
the reason for the diﬀerent conclusions. Finally the aspect
of time can be a signiﬁcant parameter. From the ﬁrst study
carried out in 1999–2001. 11 years have passed before this
study was conducted in 2012. In these years a lot has chan-
ged in the ﬁeld of renovation and sustainability and in par-
ticular in the private economy of the homeowners, which
can inﬂuence the interest and will in conducting energy sav-
ing renovation severely. The two homeowner groups
deﬁned in this project; the younger and the older genera-
tion reﬂects in numerous cases the young families and the
elderly homeowners of the previous study (Almlund).
The younger generation (under the age of 50 years) who
has the highest interest in energy renovations (Fig. 9) also
has the highest willingness to perform energy renovations
(Fig. 15). There is, however, a potential drawback to these
positive numbers; this group is besides the group where
most respondents state that they do not want a higher
monthly house expense (Fig. 15). This indicates that even
though the interest and willingness are present the econ-
omy of a possible project should be balanced by the energy
savings in order to be realistic. Otherwise it can be diﬃcult
to motivate this group of homeowners, despite the expected
positive inﬂuence by the motivation factors (Fig. 22).
The results clearly show that the older generation above
the age of 60 years or maybe even from 50 years old and up
have less interest in renovation (Fig. 9) and less willingness
to conduct renovation (Fig. 15), and the motivation factors
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There is a 7811 TJ/year energy saving potential found in
the single-family houses from the 1960s and 70s if they are
renovated to a level comparable with the present level of
new buildings (Wittchen, 2009). If the homeowners above
the age of 60 years, which correspond to 41% of all resi-
dents in these type of buildings (Statistics Denmark,
BOL201), cannot be motivated to perform energy renova-
tions, the potential drops to 4608 TJ/year. If all homeown-
ers above 50 years, which is 60% of all residents (Statistics
Denmark, BOL201), prove impossible to motivate, the
potential will be only 3124 TJ/year. The older generation
accounts for a very large part of the homeowners in this
building type, and this means that even though it might
be harder to motivate the older generation, it is crucial to
make an eﬀort. There are some homeowners in the older
generation who have both interest, willingness and can be
motivated, and this opportunity should naturally be
exploited to the full.
It is clear from the analysis results that the interest
(Fig. 11), willingness (Fig. 17) and impact from the motiva-
tion factors (Fig. 25) decrease with the time in which the
homeowners have lived in the house. This and the fact that
homeowners tend to stay for numerous years in the same
house imply that if the energy saving goals for 2020 and
2050 (European Commission, 2011; Oﬃcial Journal of
the European Union, 2012) are to be reached, it is impor-
tant to get in contact with the homeowners in the ﬁrst years
after purchase. If the current homeowner generation stays
for as long as the earlier, there will only be one or maybe
two chances to get in contact with new homeowners before
2050, meaning that the strategy should be developed as
soon as possible, as there is no room for failure if the goals
should still be realistic.
To ensure future increase in the private energy renova-
tion rate it is recommended that the craftsmen, and possi-
bly also the energy consultants, undergo further training
since the results show that these professionals are the
homeowners preferred advisor in relation to an energy ren-
ovation (Section 4.4). For the future success in motivating
homeowners, it is important that the consultant, indepen-
dent of his profession, has an updated knowledge of the
present energy saving initiatives and opportunities, and
that he (can) suggests and recommends energy savings as
part of other renovation/building projects. Therefore, it is
suggested that the education provides him with tools about
the ﬁnancial side of renovation projects (cost and savings)
and knowledge about the beneﬁts, which the homeowners
can expect from the diﬀerent initiatives related to architec-
ture, indoor environment and comfort. These are all
aspects, which are crucial in the motivation process. The
authors ﬁnd that the craftsman’s role in the future ideally
should change from being the traditional performing part
of a project to likewise being the professional consultant
who can in fact motivate the homeowners.In the future, there are two ways to address the area of
energy renovations in order to increase the number of pri-
vate energy renovation projects. One way is to focus on the
average of the homeowners and make campaigns, which
aim broadly and reach everybody (Mortensen et al.,
2014). This should be campaigns where all improvements
from an energy renovation are presented and explained,
covering all ﬁve motivation factors (Mortensen et al.,
2014). The other way to go, is by dividing the homeowners
into groups according to their life cycle or even more speci-
ﬁc divisions such as residential area, age of children or
occupation. Then the campaigns can be targeted toward
the speciﬁc group, and the information gathered in this
study used as the basis for the design of the material.
Among others must the material developer consider if the
homeowners already have an interest in energy renovations
on which the new information can build on or if they have
some wishes for their house, which can be used as a basis
for the motivation work. The objective of this approach
is to be focused on, acknowledge and exploit the diﬀerent
starting points found among homeowners. With a speciﬁc
eﬀort, the homeowner will presumably feel more motivated
since he gets only the information he lacks, demands and
needs (knowingly or unknowingly). This is trusted to be
a beneﬁcial approach since one of the most substantial bar-
riers for energy renovation is lacking knowledge about the
subject and the opportunities (The Danish knowledge
centre for energy savings in buildings, 2009; Jensen, 2004,
2009). For instance can the right information, delivered
by the right consultant, possibly open the eyes of a home-
owner, make him see potential problems in his house,
which he had not acknowledged himself and motivate
him by improvements in for example comfort and indoor
environment.
6. Conclusion
From the results presented, it is clear that the homeown-
ers are not one homogeneous group where everybody
thinks and acts alike. Neither can the same improvements,
motivation factors and consultants motivate the homeown-
ers. Their interest and willingness to perform energy reno-
vations furthermore varies a lot depending on their
demographic background.
There are signiﬁcant diﬀerences found among the
groups, depending on the demographic parameters. Not
one of the eight parameters (age, gender, presence and
age of children, time in the house, place of residence, edu-
cation, occupation and income) is the predominating one,
but the tendency is that the diﬀerences found can mainly
be related to the homeowner’s current place in life; a com-
bination of age, presence and age of children, the time in
which he has owned the house, occupation and income.
The gender, place of residence and education have little
to do with the identiﬁed diﬀerences.
The homeowners can, generally speaking, be divided
into two groups who have diﬀerent interest in and willing-
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to be aﬀected diﬀerently by the motivation factors and con-
sultants: The younger generation (broadly speaking under
the age of 50) and the older generation (broadly speaking
above 50 years of age). A number of subdivisions can also
be beneﬁcial for the future motivation strategies, however
the replies from the two groups clearly separate themselves
from each other when analyzing the data.
The younger homeowners, who in many cases have chil-
dren, have lived for at shorter period of time in their house
and have a high income are more interested in and willing
to conduct energy renovation. This group is furthermore
motivated by all ﬁve motivation factors: Improvements in
Architectural appearance, Lay-out, Comfort, Indoor envi-
ronment and Energy consumption and should preferably
be motivated by a craftsman.
Homeowners in the older generation, who might have
been part of the building process in the 1960s or 1970s,
have lived in the house for a longer period of time, are liv-
ing in the house without children, are retired and have a
relatively low income, will be harder to motivate due to
their lacking interest, willingness and their evaluation of
the house related parameters as being in good condition.
There are, nevertheless, motivation factors, which can be
eﬀective among this generation, and hence it is still possible
to motivate these homeowners (Fig. 22). Improvements in
the lay-out and comfort of the houses are expected to moti-
vate this generation and the consultant to inform them
about these beneﬁts and increase the interest in energy ren-
ovations should be either a skilled craftsman or an energy
consultant (Fig. 29). Furthermore is a positive project
economy extremely important to emphasize when motivat-
ing this group of homeowners since they have some will to
conduct the energy renovations as long as they do not get a
higher monthly expense. The job of motivating this gener-
ation must, despite the extra eﬀort required, be carried out
in order to utilize as much of the total energy saving poten-
tial as possible.
These conclusions suggest that a more varying approach
to the process of increasing the amount of private energy
renovation projects is the most beneﬁcial. The future moti-
vation campaigns should be directed at a speciﬁc target
group and subsequently be designed with variations. Natu-
rally, this will require more resources than current strate-
gies, where a broader approach is executed, since more
preparatory work and detailed design of diﬀerent cam-
paigns will be needed. However, results indicate that the
resources will be well spent since the diﬀerences between
the groups are signiﬁcant and hence a focused approach
will be most eﬀective and generate more success in the end.
At least two target groups should be deﬁned; a younger
and an older generation and the campaigns must revolve
around these. For the younger group this includes jobs,
children and a long future in the house and for the older
generation a peaceful retirement age might be in sight,
but not many years in the same house. The two life situa-
tions should be handled diﬀerently and a motivation cam-paign for the older generation should put into play
completely diﬀerent aspects than for the younger genera-
tion, even if both campaigns are generating motivation
on the basis of, for example, improved comfort. What an
important comfort improvement is for a family with small
children might not be the same for two pensioners. Addi-
tional subdivisions of the homeowners can be further
advantageous for a more rapid progress but will naturally
require even more resources.
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